Four experiments were conducted to study the following: i) the influence of different concentrations of sucrose (0.15, 0.3 and 0.5 M with osmolality of 308, 500 and 760 mOsm/kg, respectively) in diluents and control diluent (370 mOsm/kg) on intensity of motility and progressive motility of goat sperm without rehydration and freezing step in four incubation periods (0, 0.5, 2 and 4 h after dilution); ii) the influence of gradual dilution (in 3 steps) on improvements in ascertained results of the first experiment; iii) cryoprotective effects of different concentrations of sucrose (0.15, 0.22, 0.29 and 0.37 M with osmolality of 450, 560, 740 and 920 mOsm/kg, respectively) plus 7% glycerol and 20% egg yolk in basic diluent (Tris-Citric acid-Fructose) and iv) the effect of two concentrations of sucrose (0.15 and 0.22 M) with and without glycerol (7%). In experiment 1, we obtained better results for control diluent, 0.15 and 0.3 M sucrose supplemented diluents with 0 and 0.5 h incubation periods. In experiment 2, apart from a slight improvement, similar tendencies to experiment 1 were observed. In experiment 3, we obtained the best result for diluent with 0.22 M sucrose with regard to intensity of motility, progressive motility, live sperm and normal acrosomes (40±4%, 3.1±0.2, 37±4% and 37±4%, repectively). In experiment 4, we obtained the best result for diluent with 0.22 M sucrose plus 7% glycerol in regard to intensity of motility, progressive motility and live sperm (39±3%, 3.6±0.4 and 41±4%, respectively). The characteristic normal acrosomes in diluents without glycerol, i.e. diluents with 0.15 and 0.22 M sucrose showed better results (39±8 and 42±6% respectively). With regard to the release of hyaluronidase enzyme there were no significant differences between diluents (p>0.05). The results of the diluents with 0.15 and 0.22 M sucrose without glycerol were slightly lower than those with glycerol (69±11 and 70±11 vs. 72±11 and 70±11 ×120×10 6 units ml -1 , respectively). In conclusion, the use of concentrated sucrose solutions showed that goat sperm can tolerate osmolality up to 560 mOsm (0.22 M) in the freezing period. In addition, glycerol proved to be a necessary cryoprotective agent in the cryopreservation of goat sperm, particularly for intensity of motility, progressive motility and live sperm.
INTRODUCTION
Damage to sperm during cryopreservation has been attributed to cold shock, ice crystal formation, oxidative stress, membrane alteration, cryoprotectant toxicity and osmotic changes (Watson, 1995) . Regarding the latter, osmotic changes may occur gradually or rapidly, depending upon the cooling rate, whether or not ice nucleation is induced, and the method of adding the cryoprotectants, and involve two confounded stress factors: the final osmolality reached by the cells and the osmotic difference between the intra-and extracellular osmolalities (Curry and Watson, 1994) . Sperm sensitivity to these osmotic changes depends not only on membrane water permeability, but also on environment osmolality (Curry et al., 2000) . Besides, dehydration and rehydration during cryopreservation have an important impact on sperm, because dehydration decreases the risk of intracellular ice crystal formation, but excessive dehydration is also detrimental too (Hammerstedt et al., 1990; Watson, 1995; Agca et al., 2002) . Therefore, adjusting the osmolality of the diluent is of central importance, since it influences the flux of water at the different steps of cryopreservation (Curry and Watson, 1994; Iguer-Ouada and Verstegen, 2001; Aisen et al., 2002) .
One of the important factors for the efficacy of an extender is its supplementation with sugars, which have several functions in the extender: They provide energy substrate for sperm cells during incubation, maintain the osmotic pressure of the diluent and act as a cryoprotectant (Yildiz et al., 2000) . Storage temperature, molecular weight of the sugar (Molinia et al., 1994) and the type of buffer (Abdelhakeam et al., 1991) used in the extender affect cryoprotective ability of sugars. Although iso-osmotic diluents are commonly used as a semen extender, hyperosmotic diluents over a wide range of sugar concentrations are known to improve sperm integrity after freezing-thawing (Aisen et al., 2002) . During dehydration and rehydration along cryopreservation, sugars may interact with phospholipid membranes at low hydration, stabilizing them. Furthermore, most sugars induce a depression in the membrane phase transition temperature of dry lipids and form a glass (vitrification) during drying (Fernandez-Santos et al., 2007) .
Glycerol has been used successfully as a cryoprotectant in the freezing of diluted semen for many years (Fiser and Fairful, 1989) . Despite the beneficial effects of glycerol on sperm cryopreservation, it can have direct effects on bioenergetic balance since increased membrane permeability for ions and any stimulation of membraneassociated ion pumps will increase ATP consumption (Hammerstedt and Graham, 1992) . Addition of glycerol can induce osmotic damage to spermatozoa, but the extent of the damage varies according to the species. However, goat spermatozoa are reasonably tolerant to these osmotic conditions (Purdy, 2006) . With such negative consequences, the use of glycerol is generally recommended only for cryopreservation of semen (Morrier et al., 2002) . The postfreezing fertilization rate of ram and goat semen is known to be influenced by method, temperature and rate of addition of glycerolated or non-glycerolated extenders (Tuli and Holtz, 1994) . The optimum level of glycerol varies in different extenders and under different sets of conditions that are followed for processing and freezing the semen (Deka and Rao, 1986) .
When mammalian spermatozoa are frozen, cellular damage causes leakage of various enzymes as well as other materials. Hyaluronidase enzyme play an important role in the process of fertilization (McRorie and Williams, 1974) and its untimely leakage due to cellular injury is detrimental for the fertilization process. Therefore, estimates of hyaluronidase enzyme have been recommended as a marker for semen quality since this indicates sperm damage during the process of freezing and thawing (Dahami and Kodagali, 1990; Belorkar et al., 1991) .
Within this study, an attempt was made to partially dehydrate goat spermatozoa before freezing by means of a concentrated sucrose solution. This reduces the damaging effects of the intracellular formation of ice crystals. In addition, the effects of glycerol as a cryoprotective agent on goat sperm and release of the hyaluronidase enzyme were examined.
MATERIALS AND METHODS

Collection and evaluation of semen
Seventy healthy mature goat bucks, 9 months to 10 years of age and 55-120 kg, were used in the study. Each buck was fed 1.5 kg of concentrate mixture consisting of equal parts of oats and dried sugar beet pulp, with straw, salt lick and fresh water supplied ad libitum. Semen was collected twice a week by artificial vagina (42-43°C) using an estrous female as a mount. Within 2-3 min after collection, the semen was taken to the laboratory and kept in a water bath at 37°C. Ejaculates were evaluated for volume, mass activity (undiluted semen), consistency (density judged subjectively), motility (diluted with normal saline), progressive motility, live spermatozoa (eosinnigrosin stain), normal acrosomes (by viewing wet mounts of diluted spermatozoa fixed in buffered Formalin-Citrate solution) and sperm concentration (sperm cells were counted in four squares of a hemocytometer after 1:200 dilution of semen with 0.5% eosin solution). Ejaculates with a volume of more than 1.5 ml and mass activity higher than 3 (0 to 5 score) were selected, pooled and processed further.
Assessment of spermatozoa characters
The assessment of spermatozoa included intensity of motility, progressive motility, live sperm and normal acrosomes. To evaluate progressive motility, a sample of the diluted spermatozoa was placed under a cover slip in the centre of a pre-warmed (37°C) slide, transferred to a heated microscope stage set at 37°C and subjectively assessed by phase contrast microscopy (×100 magnification). The proportion of spermatozoa with progressive motility was determined using an arbitrary scale of 0 to 5 (0, 1, 2, 3, 4 or 5 = 0 to 10%, 10 to 25%, 25 to 50%, 50 to 70%, 70 to 90% or 90 to 100% of the motile spermatozoa showing progressive motility). The rate of live sperm was performed using a modification of the eosin-nigrosin stain procedure described by Chauhan and Anand (1990) . A mixture of 10 μl of diluted spermatozoa and 10 μl eosin-nigrosin stain was smeared on a slide and allowed to air dry in a dust-free environment. Two hundred spermatozoa from different microscopic fields were examined under a bright-field microscope using a 400× objective, and the number of nonstained (viable) spermatozoa was counted. Normal acrosomes were assessed by viewing wet mounts of diluted spermatozoa fixed in buffered Formalin-Citrate solution (Weitze, 1977) . A drop of the fixed spermatozoa was placed on a slide and covered with a cover glass. The slides were examined by phase-contrast microscopy using a 100× oil immersion objective and white light. Spermatozoa (n = 200 per slide) were examined and the percentage with normal acrosomes determined.
Experimental procedure
The first experiment was designed to investigate the influence of different concentrations of sucrose (0.15, 0.3 and 0.5 M with osmolality of 308, 500 and 760 mOsm/kg, respectively) in diluents and control diluent (370 mOsm/kg) on intensity of motility and progressive motility of sperm without rehydration and freezing in four incubation periods (0, 0.5, 2 and 4 h after dilution). A modified solution (Tuli and Holtz, 1992) without egg yolk and glycerol (Table 1) was used as control diluent for this experiment; sperm dilution was performed in a one-step procedure at 37°C at 1:5 ratio and the diluted semen was stored in a water bath at 37°C.
In the second experiment, the effect of gradual dilution (in 3 steps) on improvement of the ascertained results of the first experiment was studied. In this experiment, semen and extender were mixed at the same ratio but in 3 steps extending over a period of 15 min. The procedure was as follows: one part semen and one part extender (both kept at 37°C) were mixed together. 10 min later twice the amount of extender was added. As a third step, 5 min later the last part of the extender was added to arrive at a ratio of one part semen to five parts extender (at 37°C). According to the first experiment, intensity of motility and progressive motility of sperm were assessed.
The third experiment was designed to investigate the cryoprotective effect of different concentrations of sucrose (0.15, 0.22, 0.29 and 0.37 M with osmolality of 450, 560, 740 and 920 mOsm/kg, respectively) plus glycerol (7%) and egg yolk (20%) in basic diluent. In this experiment, one part semen and 2.5 parts of basic extender containing 20% egg yolk were mixed at 37°C in one step. The extended semen was cooled to 5°C within 2 h. Thereafter, 7% glycerol was added to the extended semen and was permitted to equilibrate at 5°C for 1 h. As a next step, extender containing different concentrations of sucrose (in separate test tubes) was added in a 1:2.5 ratio in 3 parts at an interval of 5 min to provide a final extension of 1:5. The extended semen was then packaged in medium French straws (0.5 ml). The open end of the filled straw was sealed with polyvinyl chloride powder. Straws were kept at 5°C for 2 h before being exposed to the vapour of liquid nitrogen (4 cm from the LN 2 surface level) for 10 min. They were then stored in liquid nitrogen for 24 h. The straws were thawed in water at 37°C for 2 min and thereafter, in order to rehydrate, centrifuged at room temperature (800×g, 10 min) to discard the initial extender. The semen was diluted again in a 1:5 ratio and was assessed for intensity of motility, progressive motility, the percentage of live spermatozoa and normal acrosomes.
Because the extender which contained 0.22 M sucrose with 560 mOsm/kg was marked as the best extender in the third experiment, the fourth experiment was designed to investigate the effect of two concentrations of sucrose (0.15 and 0.22 M) with and without glycerol (7%). Semen samples were prepared, frozen and thawed as described in experiment 3. Intensity of motility, progressive motility, the percentage of live spermatozoa, normal acrosomes and hyaluronidase release (120×10 6 Units ml -1 ) were measured after thawing. The method described by Foulkes and Watson (1995) was used to measure the concentration of released hyaluronidase enzyme.
Statistical analysis
Data for each experiment were subjected to analysis of variance (ANOVA) after angular transformation of percentages. Analyses were performed using the general , 1999) . Data are presented as means±pooled standard error of means (SEM). When significant differences were found, means were compared using the Tukey test. Differences were considered to be statistically different at p<0.05.
RESULTS
Macroscopic and microscopic seminal characteristics in primary evaluation are presented in Table 2 . The average of consistency, sperm density (10 9 /ml), mass activity, motility (%), progressive motility (%), live sperm (%) and normal acrosome (%) in the ejaculates of goat sperm were 3.4, 2.9, 3.4, 74, 4.2, 79 and 87, respectively.
In Experiment 1, the effect of sucrose concentrations in the diluents on the intensity of motility and progressive motility of sperm during incubation are presented in Table 3 and 4, respectively. An increasing concentration of sucrose and a prolongation of the incubation period reduced the intensity of motility as well as the progressive motility. The negative effect of the diluent with 0.5 M sucrose concentration was significantly higher (p>0.05) than other concentrations of sucrose. Concerning the incubation period, there were no significant differences in progressive motility (p>0.05) between 0, 0.5 and 2 h. Significant differences (p<0.05) appeared after 4 h of incubation in contrast to 0 and 0.5 h. The intensity of motility after 0 and 0.5 h of incubation was significantly (p<0.05) better than after 2 and 4 h.
Subsequently it was examined within experiment 2 whether a gradual dilution (in 3 steps) would lead to an improvement of the ascertained results. The results of this experiment are presented in Table 5 and 6. The results showed, apart from a slight improvement, similar tendencies to those observed in experiment 1.
Experiment 3 examined the impact of different concentration of sucrose (added at 5°C) in basic diluent and the results are summarized in Table 7 . Diluent with 0.22 M sucrose proved to be better than other diluents regarding intensity of motility and progressive motility. Some of the differences were significant (p<0.05). Diluent with 0.37 M sucrose also differed significantly (p<0.05) from the other diluents (control diluent, 0.15 and 0.29 M sucrose). This could also be ascertained with the intensity of motility and the percentage of live sperm. Concerning normal acrosomes, 0.22 M sucrose differed significantly (p<0.05) from the control diluent and 0.37 M sucrose,but only differed by tendency from 0.15 and 0.29 M sucrose concentration. Experiment 4 dealt with the impact of the addition of glycerol to diluents with different sucrose concentrations and the results are summarized in Table 8 . Diluent with 0.22 M plus glycerol proved to be significantly (p<0.05) better regarding the progressive motility than the other diluents. With regard to the intensity of motility and the percentage of live sperm similar results could be ascertained. However, the characteristic "normal acrosomes" showed an opposite trend, i.e. the diluents without glycerol showed better results (p<0.05). Effects of diluents on extracellular activity of hyaluronidase enzyme were not significant (p>0.05) at post-freeze stage, but the results of the diluents with 0.15 and 0.22 M sucrose without glycerol were slightly lower than those with glycerol.
DISCUSSION
The purpose of this study was to investigate whether presence of sucrose with and without glycerol would improve the intensity of motility, progressive motility, live sperm and normal acrosomes of buck sperm during freezing and thawing in basic diluent. The results showed that extender osmolality influenced sperm physiology and characters. Trehalose and sucrose probably play a key role in preventing deleterious alteration to the membrane during reduced water states (Aboagla and Terada, 2003) . Moreover, disaccharides have been reported to be effective in stabilizing membrane bilayers (De Leeuw et al., 1993) . A beneficial effect of sugar supplementation of the extender on the post-thaw viability of mammalian sperm cells has been reported in many studies (Garcia and Graham, 1989; Aslam et al., 1992) . Our results showed that hypertonic extender (up to 560 mOsm/kg) improved the intensity of motility, progressive motility, live sperm and normal acrosomes. In agreement with our finding, Abdelhakeam et al. (1991) reported that although maximum survival of ram spermatozoa before freezing was obtained with an isotonic extender, a hypertonic extender gave the highest post-thaw motility. Joshi et al. (2006) found out that ram spermatozoa could tolerate a wide osmolality range for dilution. Also, these results agree with Fiser and Langford (1980) and Fiser et al. (1982) who reported that hypertonic diluents are superior to isotonic diluents. Increases in the permeability of the plasma membrane to water may allow formation of intercellular ice crystals during freezing which could damage the sperm structure during thawing. Freezing in hypertonic solution reduces freezable water within the cell aiding in prevention of intercellular ice formation (Fiser et al., 1981) . Other studies indicated that sugars could interact directly with membrane lipids and proteins, altering their phase transition behaviour and hydration state (Aboagla and Terada, 2003) . Many authors have shown that sugars also protect against the damage occurring to sperm cells during freezing-thawing, although this protection depends on many factors, such as storage temperature (Lapwood and Martin, 1966) , molecular weight of sugar (Molinia et al., 1994) and the type of buffer used (Abdelhakeam et al., 1991) . Environment osmolality is a significant factor when semen is cryopreserved. Not only do anisoosmotic solutions induce cellular stress, but they also influence the outcome of the cryopreservation process. However, this influence can be positive, since the osmolality of the environment modifies water flux through the membrane and other events during the freezing and thawing. Indeed, it is well known that there are important osmotic changes along the freezingthawing processes, due to the differential freezing of the medium, that produce water flux through the cell membrane (Curry and Watson, 1994) . The initial extender osmolality influences the course of these osmotic changes (Liu et al., 1998) . The results of this study revealed that although sucrose plus glycerol proved better with regard to intensity of motility, progressive motility and live sperm, the diluents without glycerol produced better results concerning normal acrosomes. In agreement with our findings, Molinia et al. (1994) obtained better post-thawing recovery of ram spermatozoa in diluents without glycerol that contained sucrose or trehalose. They reported that glycerol had probably masked the cryoprotective action of disaccharides. This preferential croprotective action of glycerol may be attributable to its ability to penetrate the ram sperm membrane more readily than the high molecular weight disaccharides. Although glycerol is widely used as a cryoprotectant for a variety of mammalian cells, its mechanism of action is still not clear. The main cause of cell damage is the formation of intra-and extacellular ice crystals during freezing. Glycerol is believed to protect the cells by minimizing ice crystal formation. Glycerol (CH 2 OH-CHOH-CH 2 OH) has three OH groups and hydrogen atoms of these OH groups are likely to form Hbonding with the oxygen atoms of the phosphate groups of membrane phospholipids (Kundu et al., 2000) . Fiser and Fairfull (1986) stated that glycerol provides cryopreservation partly on a colligative basis by reducing the amount of ice formation and partly kinetically by increasing the time for water to leave the cell in response to the decreased vapor pressure of adjacent ice. The results of this study showed that diluents without glycerol give the better results concerning release of hyaluronidase, akin similar to normal acrosomes. Hyaluronidase release into seminal plasma from the acrosome is an early and sensitive indicator of acrosome damage during processing (Sirat et al., 1996) and freezing (Foulkes and Watson., 1995) .
CONCLUSION
In conclusion, substitution of Tris-Citric acid diluent with sucrose was found to significantly improve the freezability of goat spermatozoa, which were assessed for intensity of motility, progressive motility, live sperm and normal acrosomes. Furthermore, with the use of concentrated sucrose spermatozoa can tolerate osmolality up to 560 mOsm. A short equilibration (i.e. 30 min) proved to be optimal. In addition, glycerol proved to be a necessary cryoprotective agent in the cryopreservation of goat sperm, particularly for intensity of motility, progressive motility and live sperm.
